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LOW POWER DC-DC CONVERTER WITH 
IMPROVED LOAD REGULATION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation application of com 
monly-assigned U.S. patent application Ser. No. 11/491,021, 
?led Jul. 20, 2006, the contents of Which are hereby incorpo 
rated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to electronic cir 
cuits and, more particularly to conversion of voltages used in 
such circuits. 

There is often a need to generate a loWer DC output voltage 
from a higher DC input voltage in devices that contain inte 
grated circuits (IC). Voltage converters that perform this func 
tion attempt to maintain a stable output voltage and to respond 
quickly to load transients. Uncontrolled variations in con 
verter output voltage are generally undesirable. 
One knoWn circuit for converting voltages is shoWn in FIG. 

1. Voltage converter 100 generates output voltage VOUT from 
input voltage VIN. As shoWn, voltage converter 100 includes, 
in part, a comparator 104 With input hysteresis, a reference 
voltage generator VREF, a driver 108, an LC ?lter 116, a 
voltage divider 112, and a capacitor C FF. Hysteretic compara 
tor 1 04 generates a control signal Ctrl by comparing reference 
voltage VREF to a feedback voltage VFB. If feedback voltage 
VFB exceeds a hysteresis WindoW de?ned by reference volt 
age VREF, hysteretic comparator 104 assigns a ?rst value to 
control signal Ctrl. If, on the other hand, feedback voltage 
VFB falls beloW the hysteresis WindoW, hysteretic comparator 
104 assigns a second value to control signal Ctrl. 

Control signal Ctrl is operative to cause driver 108 to 
change voltage VX. For example, driver 108 may cause volt 
age VX to alternate betWeen input voltage VIN and ground. 
Changes in voltage VX are delivered by inductor L to the 
converter output VOUT. Voltage divider 112 receives voltage 
VX and completes a loop by generating feedback voltage VFB 
and delivering it to an input terminal of hysteretic comparator 
104. LC ?lter 116 is included to attenuate high-frequency 
noise components that may be present in converter output 
VOUZ, and feedback capacitor C FF is included to modify loop 
response characteristics. 

Persons of ordinary skill in the art Will recogniZe that a 
voltage drop AV is generatedbetWeenVXandVOUTdue to the 
resistance of inductor L. The relationship betWeen converter 
output voltage VOUT and inductor voltage drop AV can be 
expressed as VOUT:VX—AV, Where VX is the average of VX, 
and is related to VREF as (1+Rl/R2)~VREF. Also, as Will be 
clear to those of skill in the relevant art, inductor voltage drop 
AV is related to inductor current I L and its resistance RL as 
(AVIILRL). Thus, as shoWn, voltage drop AV directly affects 
output voltage VOUT and is not controlled or otherWise regu 
lated by voltage converter 100. It is therefore an object of the 
present invention to reduce the effect of this voltage drop on 
the converter output voltage and to correspondingly improve 
the ability of the voltage converter to control its output under 
changing load conditions. 

BRIEF SUMMARY OF THE INVENTION 

A voltage converter, in accordance With one embodiment 
of the present invention, includes, in part, an ampli?er and a 
comparator. The ampli?er is responsive to a ?rst reference 
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2 
voltage and to a ?rst feedback voltage representative of an 
output voltage of the voltage converter. The comparator is 
responsive to an output voltage of the ampli?er and a second 
feedback voltage. The comparator generates an output volt 
age applied to a control line of the voltage converter. 

In one embodiment, the voltage converter further includes 
a voltage combiner that combines the output voltage of the 
ampli?er With a second reference voltage. In another embodi 
ment, the voltage combiner combines the output voltage of 
the ampli?er With the second feedback voltage. The voltage 
combiner supplies the combined voltage to the comparator. 
The second reference voltage may be substantially equal to 
the ?rst reference voltage. A driver generates the second 
feedback voltage in response to the output voltage of the 
comparator. 

In some embodiments, the voltage converter further 
includes a ?rst resistive voltage divider in communication 
With the output of the driver. An inductive load is also in 
communication With the output of the driver. A second resis 
tive voltage divider may also be in communication With the 
inductive load. 

In some embodiments, the comparator is a hysteretic volt 
age comparator. The voltage combiner is optionally a sub 
tractor circuit responsive to the second reference voltage. The 
inductive load is an inductor in some embodiments. 

In accordance With another embodiment of the present 
invention, a method of converting a voltage includes ampli 
fying a difference betWeen a ?rst reference voltage and a ?rst 
feedback voltage representative of an output voltage to gen 
erate an ampli?ed difference voltage; comparing a voltage 
de?ned by a second feedback voltage to a ?rst threshold 
voltage de?ned by either a second reference voltage or the 
ampli?ed difference voltage thereby to generate a control 
voltage; decreasing the control voltage if the voltage de?ned 
by the second feedback voltage is detected as being greater 
than the ?rst threshold value; increasing the control voltage if 
the voltage de?ned by the second feedback voltage is detected 
as being smaller than the ?rst threshold; and driving an exter 
nal load in response to the control voltage. 

In one embodiment, the method of converting the voltage 
further includes combining the second feedback voltage With 
the ampli?ed difference voltage; and comparing the second 
reference voltage With the combined voltage to generate the 
control voltage. In another embodiment, the method of con 
verting the voltage further includes combining the second 
reference voltage With the ampli?ed difference voltage; and 
comparing the second feedback voltage With the combined 
voltage to generate the control signal. 

In some embodiments, the second reference voltage is 
substantially equal to the ?rst reference voltage. In other 
embodiments, the method of converting the voltage further 
includes buffering the control voltage; and applying the buff 
ered control voltage to the external load. The buffered control 
voltage may be divided to generate the second feedback volt 
age. The external load is responsive to the buffered control 
voltage. 

In some embodiments, the external load is an inductive 
load and the method further includes dividing an output volt 
age of the inductive load to generate the ?rst feedback signal. 
In some embodiments, a hysteretic comparator performs the 
comparing step. In some embodiments, the method further 
includes subtracting the second feedback voltage from the 
ampli?ed difference voltage. In yet other embodiments, the 
method further includes subtracting the second reference 
voltage from the ampli?ed difference voltage. 

In accordance With another embodiment of the present 
invention, a voltage converter includes means for amplifying 
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a difference between a ?rst reference voltage and a ?rst feed 
back voltage representative of an output voltage to generate 
an ampli?ed difference voltage; means for comparing a volt 
age de?ned by a second feedback voltage to a ?rst threshold 
voltage de?ned by either a second reference voltage or the 
ampli?ed difference voltage thereby to generate a control 
voltage; means for decreasing the control voltage if the volt 
age de?ned by the second feedback voltage is detected as 
being greater than the ?rst threshold value; means for increas 
ing the control voltage if the voltage de?ned by the second 
feedback voltage is detected as being smaller than the ?rst 
threshold; and means for driving an external load in response 
to the control voltage. 

In one embodiment, the voltage converter further includes 
means for combining the second feedback voltage With the 
ampli?ed difference voltage; and means for comparing the 
second reference voltage With the combined voltage to gen 
erate the control voltage. In another embodiment, the voltage 
converter further includes means for combining the second 
reference voltage With the ampli?ed difference voltage; and 
means for comparing the second feedback voltage With the 
combined voltage to generate the control signal. 

In some embodiments, the second reference voltage is 
substantially equal to the ?rst reference voltage. In other 
embodiments, the voltage converter further includes means 
for buffering the control voltage; and means for applying the 
buffered control voltage to the external load. The buffered 
control voltage may be divided to generate the second feed 
back voltage. The external load is responsive to the buffered 
control voltage. 

In some embodiments, the external load is an inductive 
load and the voltage converter ?lr‘ther includes means for 
dividing an output voltage of the inductive load to generate 
the ?rst feedback signal. In some embodiments, the compar 
ing means includes a hysteretic comparator. In some embodi 
ments, the voltage converter further includes means for sub 
tracting the second feedback voltage from the ampli?ed 
difference voltage. In yet other embodiments, the voltage 
converter further includes means for subtracting the second 
reference voltage from the ampli?ed difference voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed block diagram of a voltage converter, 
as knoWn in the prior art. 

FIG. 2A is a simpli?ed block diagram of a voltage con 
ver‘ter according to one embodiment of the present invention. 

FIG. 2B is a simpli?ed block diagram of a voltage con 
ver‘ter according to another embodiment of the present inven 
tion. 

FIGS. 3A, 3B and 3C are exemplary Waveform diagrams 
shoWing the effect of changes in load current on converter 
output voltage according to exemplary embodiments of the 
present invention. 

FIGS. 4A-4H shoW various devices in Which the present 
invention may be embodied. 

DETAILED DESCRIPTION OF THE INVENTION 

A voltage converter in accordance With one embodiment of 
the present invention includes, in part, an ampli?er, a voltage 
combiner, a hysteretic comparator, and a driver. The ampli?er 
generates an error voltage signal representative of a voltage 
drop across an inductor disposed in the voltage converter. The 
voltage combiner combines the error voltage signal With a 
?rst reference voltage to generate a combined voltage signal. 
The hysteretic comparator compares the combined voltage 
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4 
signal to a feedback voltage signal and generates a control 
signal. The driver receives the control signal and causes a 
corresponding increase or decrease in the driver output volt 
age. Because the voltage drop across the resistive load of the 
inductor is reduced by a factor corresponding to the gain of 
the ampli?er, uncontrolled variations in the converter output 
voltage are avoided. 

FIG. 2A shoWs a simpli?ed block diagram of a voltage 
converter 200 according to an embodiment of the present 
invention. Voltage converter 200 converts input voltage VIN 
into output voltage VOUT. As shoWn, ?rst voltage divider 212 
divides driver 208 output voltage VX to generate a ?rst feed 
back voltage VFBI. Second voltage divider 216 divides con 
ver‘ter output voltage VOUT to generate a second feedback 
voltage VFBZ. Voltage dividers 212, 216 are disposed on 
opposite sides of an inductor 224 and are shoWn With ?xed 
resistor values R1, R2 for dividing each voltage according to 
a predetermined ratio. Inductor 224 is shoWn as including 
inductive component L and resistive component RL. Resistive 
component RL generates a voltage drop AV When current 
?oWs through inductor 224. RL may vary depending upon, 
among other factors, (i) the manufacturing process used to 
create inductor 224 and (ii) operating conditions such as 
temperature. Due to voltage drop AV, converter output volt 
age VOUTis not equal to driver 208 output voltageVX. Capaci 
tor CFF is included to modify loop response characteristics 
and, in some embodiments, to control the sWitching fre 
quency of the driver circuit. 
Ampli?er 220 receives second feedback voltage VFB2 and 

a ?rst reference voltage V R EFI at its input terminals. Ampli?er 
220 compares second feedback voltage VFB2 to ?rst reference 
voltage VREFl and generates an error voltage signal VERR at 
its output terminal having a value that is proportional to the 
difference betWeen second feedback voltage VFB2 and ?rst 
reference voltage VREFI. In some embodiments, ampli?er 
220 may include an operational ampli?er Which receives 
second feedback voltage VFB2 at its non-inverting terminal 
and receives ?rst reference voltage VREFl at its inverting 
terminal. In such embodiments, error voltage VERR may be 
de?ned by VERR:a*(VFB2— REFI) Where a represents the 
gain of the operational ampli?er. In an exemplary embodi 
ment, the value of a ranges, for example, between 1 and 10. 

Error voltage VERR is delivered to voltage combiner 228 
Which, in response, generates a combined voltage VCOMB 
representing the combination of ?rst voltage V1 and a second 
reference voltage VREF2. In some exemplary embodiments of 
the voltage converter, second reference VREF2 is equal to the 
?rst reference voltage VREFI. Combined voltage VCOMB is 
supplied to an input terminal of hysteretic comparator 204. In 
some embodiments, combined voltage VCOMB; represents a 
difference betWeen second reference voltage V R E F2 and error 

voltage VERR (VCOMB:VREF2—VERR). In such embodiments, 
voltage combiner 228 may include an adder/subtractor cir 
cuit. 

Hysteretic comparator 204 receives ?rst feedback voltage 
VFBl and compares it to combined voltage VCOMB to generate 
control signal Ctrl. If ?rst feedback voltage VFBl exceeds a 
threshold value de?ned by combined voltage VCOMB, hyster 
etic comparator 204 causes control signal Ctrl to have a ?rst 
value. Similarly, if ?rst feedback voltage VFBl is beloW a 
threshold value de?ned by combined voltage VCOMB, hyster 
etic comparator 204 causes control signal Ctrl to have a 
second value. Control signal Ctrl is delivered to driver 208. 
Driver 208 receives control signal Ctrl and generates driver 
output voltage VX in response. 

If second feedback voltage VFB2 exceeds ?rst reference 
voltage VREFI, error voltage VERR generated by ampli?er 220 
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Will be positive With respect to ground. In the embodiment in 
Which voltage combiner 288 is an adder/subtractor, combined 
voltage VCOMB Will be less than second reference voltage 
VREF2 When error voltage VERR is positive. If the relatively 
smaller value of combined voltage VCOMB falls beloW the 
threshold value, hysteretic comparator 204 Will assign the 
?rst value to control signal Ctrl. If driver 208 receives the ?rst 
value of control signal Ctrl, it Will loWer the voltage at VX. 
This, in turn, Will loWer converter output voltage VOUT. On 
the other hand, if second feedback voltage VFB2 is less than 
?rst reference voltage V RE F1, error voltage V ER R Will be nega 
tive With respect to ground. In this case, combined voltage 
VCOMB Will be greater than the second reference voltage 
VREF2. If ?rst feedback voltage VFBl falls beloW a threshold 
de?ned by the relatively larger value of combined voltage 
VCOMB, hysteretic comparator 204 Will assign the second 
value to control signal Ctrl. If the second value is assigned to 
Ctrl, driver 208 Will increase the voltage at VX and, therefore, 
VOUT Will also increase. 

IfVREFIIVREFZIVREF and if R1 is assumed to be much 
smaller than R2 (Rl<<R2), it can be shoWn that the 
VOUIEVR EF-AV/ (1+a). Thus, voltage converter 200 reduces 
the effect of inductor voltage drop AV by a factor of (1+a) 
enabling signi?cantly tighter control of the converter output 
voltage VOUT. 

FIG. 2B shoWs a simpli?ed block diagram of a voltage 
converter 240 according to a further embodiment of the 
present invention. Voltage combiner 228 is disposed to 
receive ?rst feedback signal VFBl and error voltage VERR and 
to generate combined voltage VCOMB. Combined voltage 
VCOMB is delivered to an input terminal of hysteretic com 
parator 204. In some embodiments, voltage combiner 228 
generates combined voltage VCOMB by adding error voltage 
VERR to ?rst feedback voltage VFBI(VCOMBIVFBI+VERR). 
Thus, if VFB2 exceeds VREFI, error voltage VERR Will be 
positive andVCOMB Will be greater thanVFBl. If the relatively 
larger combined voltage VCOMB exceeds a threshold value 
de?ned by second reference voltage VREF2, hysteretic com 
parator 204 Will respond by assigning the ?rst value to control 
signal Ctrl. This, in turn, Will cause driver 208 to reduce VX. 
Converter output voltage VOUT Will also be reduced. Simi 
larly, ifVFB2 is less than VREFI, error voltage VERR Will be 
negative and combined voltage VCOMB Will be less thanVFBl. 
If the relatively smaller combined voltage VCOMB falls beloW 
the threshold value, hysteretic comparator 204 Will assign the 
second value to control signal Ctrl causing driver 208 to 
increase VX. In this case, VOUT Will also be increased. 

FIGS. 3A, 3B, and 3C are exemplary simulation timing 
diagrams shoWing a relationship betWeen converter output 
voltage and load current according to embodiments of the 
present invention. In each diagram, time is represented on the 
horizontal axis and converter output voltage is represented on 
the vertical axis. All diagrams are based upon exemplary 
reference voltages of 1.2V (VREFl:VREF2:l.2V) and all 
assume that a load is introduces at Tl:2s causing a 500 mA 
current step. FIG. 3A shoWs the effect on the converter output 
voltage When the gain of ampli?er 220 is set to approximately 
0.5. It can be seen that converter output voltage drops by 
nearly 40 mV When the load is introduced and sloWly settles 
to a steady-state value less than 1.15V. Prior to introduction of 
the load, converter output voltage is approximately 1.18V. 
The 20 mV difference from the reference voltage is caused by 
a voltage drop across inductor (L). 

FIG. 3B shoWs converter output voltage When the ampli?er 
220 gain is increased to approximately 5. In this case, con 
ver‘ter output voltage drops by 10 mV When the load sWitch 
ing occurs. In FIG. 3C, ampli?er gain is further increased to 
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6 
approximately 10 and converter output voltage drops by 5 mV 
in response to sWitching of the load. 

Referring noW to FIGS. 4A-4H, various exemplary imple 
mentations of the present invention are shoWn. Referring to 
FIG. 4A, the present invention may be embodied in a hard 
disk drive 1000. The present invention may implement either 
or both signal processing and/or control circuits, Which are 
generally identi?ed in FIG. 4A at 1002. In some implemen 
tations, signal processing and/or control circuit 1002 and/or 
other circuits (not shoWn) in HDD 1000 may process data, 
perform coding and/or encryption, perform calculations, and/ 
or format data that is output to and/ or received from a mag 
netic storage medium 1006. 
HDD 1000 may communicate With a host device (not 

shoWn) such as a computer, mobile computing devices such 
as personal digital assistants, cellular phones, media or MP3 
players and the like, and/or other devices via one or more 
Wired or, Wireless communication links 1008. HDD 1000 
may be connected to memory 1009, such as random access 
memory (RAM), a loW latency nonvolatile memory such as 
?ash memory, read only memory (ROM) and/or other suit 
able electronic data storage. 

Referring noW to FIG. 4B, the present invention may be 
embodied in a digital versatile disc (DVD) drive 1010. The 
present invention may implement either or both signal pro 
cessing and/ or control circuits, Which are generally identi?ed 
in FIG. 4B at 1012, and/or mass data storage 1018 of DVD 
drive 1010. Signal processing and/or control circuit 1012 
and/or other circuits (not shoWn) in DVD 1010 may process 
data, perform coding and/or encryption, perform calcula 
tions, and/ or format data that is read from and/ or data Written 
to an optical storage medium 1016. In some implementations, 
signal processing and/or control circuit 1012 and/or other 
circuits (not shoWn) in DVD 1010 can also perform other 
functions such as encoding and/or decoding and/ or any other 
signal processing functions associated With a DVD drive. 
DVD drive 1010 may communicate With an output device 

(not shoWn) such as a computer, television or other device via 
one or more Wired or Wireless communication links 1017. 

DVD 1010 may communicate With mass data storage 1018 
that stores data in a nonvolatile manner. Mass data storage 
1018 may include a hard disk drive (HDD) such as that shoWn 
in FIG. 4A. The HDD may be a mini HDD that includes one 
or more platters having a diameter that is smaller than 
approximately 1 .8". DVD 1010 may be connected to memory 
1019, such as RAM, ROM, loW latency nonvolatile memory 
such as ?ash memory, and/or other suitable electronic data 
storage. 

Referring noW to FIG. 4C, the present invention may be 
embodied in a high de?nition television (HDTV) 1020. The 
present invention may implement either or both signal pro 
cessing and/ or control circuits, Which are generally identi?ed 
in FIG. 4C at 1022, a WLAN interface and/or mass data 
storage of the HDTV 1020. HDTV 1020 receives HDTV 
input signals in either a Wired or Wireless format and gener 
ates HDTV output signals for a display 1026. In some imple 
mentations, signal processing circuit and/or control circuit 
1022 and/or other circuits (not shoWn) of HDTV 1020 may 
process data, perform coding and/or encryption, perform cal 
culations, format data and/or perform any other type of 
HDTV processing that may be required. 
HDTV 1020 may communicate With mass data storage 

1027 that stores data in a nonvolatile manner such as optical 
and/or magnetic storage devices. At least one HDD may have 
the con?guration shoWn in FIG. 4A and/or at least one DVD 
may have the con?guration shoWn in FIG. 4B. The HDD may 
be a mini HDD that includes one or more platters having a 
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diameter that is smaller than approximately 1.8". HDTV 1020 
may be connected to memory 1028 such as RAM, ROM, loW 
latency nonvolatile memory such as ?ash memory and/or 
other suitable electronic data storage. HDTV 1020 also may 
support connections With a WLAN via a WLAN netWork 
interface 1029. 

Referring noW to FIG. 4D, the present invention imple 
ments a control system of a vehicle 1030, a WLAN interface 
and/or mass data storage of the vehicle control system. In 
some implementations, the present invention implements a 
poWertrain control system 1032 that receives inputs from one 
or more sensors such as temperature sensors, pressure sen 

sors, rotational sensors, air?oW sensors and/ or any other suit 
able sensors and/or that generates one or more output control 
signals such as engine operating parameters, transmission 
operating parameters, and/or other control signals. 

The present invention may also be embodied in other con 
trol systems 1040 of vehicle 1030. Control system 1040 may 
likeWise receive signals from input sensors 1042 and/or out 
put control signals to one or more output devices 1044. In 
some implementations, control system 1040 may be part of an 
anti-lock braking system (ABS), a navigation system, a 
telematics system, a vehicle telematics system, a lane depar 
ture system, an adaptive cruise control system, a vehicle 
entertainment system such as a stereo, DVD, compact disc 
and the like. Still other implementations are contemplated. 

PoWer‘train control system 1032 may communicate With 
mass data storage 1046 that stores data in a nonvolatile man 
ner. Mass data storage 1046 may include optical and/or mag 
netic storage devices for example hard disk drives HDD and/ 
or DVDs. At least one HDD may have the con?guration 
shoWn in FIG. 4A and/or at least one DVD may have the 
con?guration shoWn in FIG. 4B. The HDD may be a mini 
HDD that includes one or more platters having a diameter that 
is smaller than approximately 1.8". PoWer‘train control sys 
tem 1032 may be connected to memory 1047 such as RAM, 
ROM, loW latency nonvolatile memory such as ?ash memory 
and/ or other suitable electronic data storage. PoWertrain con 
trol system 1032 also may support connections With a WLAN 
via a WLAN netWork interface 1048. The control system 
1040 may also include mass data storage, memory and/or a 
WLAN interface (all not shoWn). 

Referring noW to FIG. 4E, the present invention may be 
embodied in a cellular phone 1050 that may include a cellular 
antenna 1 051. The present invention may implement either or 
both signal processing and/or control circuits, Which are gen 
erally identi?ed in FIG. 4E at 1052, a WLAN interface and/or 
mass data storage of the cellular phone 1050. In some imple 
mentations, cellular phone 1050 includes a microphone 1056, 
an audio output 1058 such as a speaker and/or audio output 
jack, a display 1060 and/or an input device 1062 such as a 
keypad, pointing device, voice actuation and/or other input 
device. Signal processing and/ or control circuits 1052 and/or 
other circuits (not shoWn) in cellular phone 1050 may process 
data, perform coding and/ or encryption, perform calcula 
tions, format data and/or perform other cellular phone func 
tions. 

Cellular phone 1050 may communicate With mass data 
storage 1064 that stores data in a nonvolatile manner such as 
optical and/or magnetic storage devices for example hard disk 
drives HDD and/or DVDs. At least one HDD may have the 
con?guration shoWn in FIG. 4A and/or at least one DVD may 
have the con?guration shoWn in FIG. 4B. The HDD may be a 
mini HDD that includes one or more platters having a diam 
eter that is smaller than approximately 1.8". Cellular phone 
1050 may be connected to memory 1066 such as RAM, 
ROM, loW latency nonvolatile memory such as ?ash memory 
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8 
and/or other suitable electronic data storage. Cellular phone 
1050 also may support connections With a WLAN via a 
WLAN netWork interface 1068. 

Referring noW to FIG. 4F, the present invention may be 
embodied in a set top box 1080. The present invention may 
implement either or both signal processing and/or control 
circuits, Which are generally identi?ed in FIG. 4F at 1084, a 
WLAN interface and/ or mass data storage of the set top box 
1080. Set top box 1080 receives signals from a source such as 
a broadband source and outputs standard and/or high de?ni 
tion audio/video signals suitable for a display 1088 such as a 
television and/or monitor and/or other video and/or audio 
output devices. Signal processing and/or control circuits 1084 
and/or other circuits (not shoWn) of the set top box 1080 may 
process data, perform coding and/or encryption, perform cal 
culations, format data and/or perform any other set top box 
function. 

Set top box 1080 may communicate With mass data storage 
1090 that stores data in a nonvolatile manner. Mass data 
storage 1090 may include optical and/or magnetic storage 
devices for example hard disk drives HDD and/ or DVDs. At 
least one HDD may have the con?guration shoWn in FIG. 4A 
and/ or at least one DVD may have the con?guration shoWn in 
FIG. 4B. The HDD may be a mini HDD that includes one or 
more platters having a diameter that is smaller than approxi 
mately 1.8". Set top box 1080 may be connected to memory 
1094 such as RAM, ROM, loW latency nonvolatile memory 
such as ?ash memory and/or other suitable electronic data 
storage. Set top box 1080 also may support connections With 
a WLAN via a WLAN netWork interface 1096. 

Referring noW to FIG. 4G, the present invention may be 
embodied in a media player 1072. The present invention may 
implement either or both signal processing and/or control 
circuits, Which are generally identi?ed in FIG. 4G at 1071, a 
WLAN interface and/ or mass data storage of the media player 
1072. In some implementations, media player 1072 includes 
a display 1076 and/or a user input 1077 such as a keypad, 
touchpad and the like. In some implementations, media 
player 1072 may employ a graphical user interface (GUI) that 
typically employs menus, drop doWn menus, icons and/or a 
point-and-click interface via display 1076 and/or user input 
1077. Media player 1072 further includes an audio output 
1075 such as a speaker and/ or audio output jack. Signal 
processing and/or control circuits 1071 and/or other circuits 
(not shoWn) of media player 1072 may process data, perform 
coding and/or encryption, perform calculations, format data 
and/or perform any other media player function. 
Media player 1072 may communicate With mass data stor 

age 1070 that stores data such as compressed audio and/or 
video content in a nonvolatile manner. In some implementa 
tions, the compressed audio ?les include ?les that are com 
pliant With MP3 format or other suitable compressed audio 
and/or video formats. The mass data storage may include 
optical and/ or magnetic storage devices for example hard disk 
drives HDD and/or DVDs. At least one HDD may have the 
con?guration shoWn in FIG. 4A and/or at least one DVD may 
have the con?guration shoWn in FIG. 4B. The HDD may be a 
mini HDD that includes one or more platters having a diam 
eter that is smaller than approximately 1.8". Media player 
1072 may be connected to memory 1073 such as RAM, 
ROM, loW latency nonvolatile memory such as ?ash memory 
and/or other suitable electronic data storage. Media player 
1072 also may support connections With a WLAN via a 
WLAN netWork interface 1074. 

Referring to FIG. 4H, the present invention may be embod 
ied in a Voice over Internet Protocol (VoIP) phone 1083 that 
may include an antenna 1039. The present invention may 
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implement either or both signal processing and/or control 
circuits, Which are generally identi?ed in FIG. 4H at 1082, a 
Wireless interface and/ or mass data storage of the VoIP phone 
1083. In some implementations, VolP phone 1083 includes, 
in part, a microphone 1087, an audio output 1089 such as a 
speaker and/ or audio output jack, a display monitor 1091, an 
input device 1092 such as a keypad, pointing device, voice 
actuation and/or other input devices, and a Wireless Fidelity 
(Wi-Fi) communication module 1086. Signal processing and/ 
or control circuits 1082 and/or other circuits (not shoWn) in 
VolP phone 1083 may process data, perform coding and/or 
encryption, perform calculations, format data and/ or perform 
other VolP phone functions. 

VolP phone 1083 may communicate With mass data stor 
age 502 that stores data in a nonvolatile manner such as 
optical and/or magnetic storage devices, for example hard 
disk drives HDD and/ or DVDs. At least one HDD may have 
the con?guration shoWn in FIG. 4A and/or at least one DVD 
may have the con?guration shoWn in FIG. 4B. The HDD may 
be a mini HDD that includes one or more platters having a 
diameter that is smaller than approximately 1 .8". VoIP phone 
1083 may be connected to memory 1085, Which may be a 
RAM, ROM, loW latency nonvolatile memory such as ?ash 
memory and/or other suitable electronic data storage. VolP 
phone 1083 is con?gured to establish communications link 
With a VoIP netWork (not shoWn) via Wi-Fi communication 
module 1086. Still other implementations in addition to those 
described above are contemplated. 

The above embodiments of the present invention are illus 
trative and not limitative. Various alternatives and equivalents 
are possible. For example, the load could be other than an 
inductor. The invention is not limited by the type of compara 
tor, driver, ?lter, etc. used. In addition, the invention is not 
limited by the type of ampli?er used to establish the voltage 
signal or by a particular implementation of the voltage com 
bining circuit. The invention is not limited by the type of 
integrated circuit in Which the present disclosure may be 
disposed. Nor is the invention limited to any speci?c type of 
process technology, e.g., CMOS, Bipolar, or BICMOS that 
may be used to manufacture the present disclosure. Other 
additions, subtractions or modi?cations are obvious in vieW 
of the present disclosure and are intended to fall Within the 
scope of the appended claims. 
What is claimed is: 
1. A voltage converter comprising: 
an ampli?er responsive to a ?rst reference voltage and to a 

?rst divided voltage indicative of a voltage at a ?rst end 
of an inductive load; 

a voltage combiner that generates a combined voltage 
based at least in part on an output voltage of the ampli 
?er; and 

a comparator that receives the combined voltage, the com 
parator being responsive to at least the output voltage of 
the ampli?er and a second divided voltage indicative of 
a voltage at a second end of the inductive load, the 
comparator generating a comparator output voltage used 
to control the voltage converter, 

Wherein the voltage combiner generates the combined volt 
age based on the output voltage of the ampli?er and a 
second reference voltage, the second reference voltage 
comprising a non-Zero value, Wherein the output voltage 
and the second reference voltage are inputs to the volt 
age combiner, and 

Wherein the second reference voltage is substantially equal 
to the ?rst reference voltage. 

2. The voltage converter of claim 1 Wherein the ?rst divided 
voltage comprises a ?rst fraction of the voltage at the ?rst end 
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10 
of the inductive load and the second divided voltage com 
prises a second fraction of the voltage at the second end of the 
inductive load. 

3. A voltage converter comprising: 
an ampli?er responsive to a ?rst reference voltage and to a 

?rst divided voltage indicative of a voltage at a ?rst end 
of an inductive load; 

a voltage combiner that generates a combined voltage 
based at least in part on an output voltage of the ampli 
?er; 

a comparator that receives the combined voltage, the com 
parator being responsive to at least the output voltage of 
the ampli?er and a second divided voltage indicative of 
a voltage at a second end of the inductive load, the 
comparator generating a comparator output voltage used 
to control the voltage converter; and 

a driver to generate the second divided voltage in response 
to the comparator output voltage, 

Wherein the voltage combiner generates the combined volt 
age based on the output voltage of the ampli?er and the 
second divided voltage, Wherein the output voltage and 
the second divided voltage are inputs to the voltage 
combiner. 

4. The voltage converter of claim 3 further comprising a 
driver to generate the second divided voltage in response to 
the comparator output voltage. 

5. The voltage converter of claim 3 Wherein the ?rst divided 
voltage comprises a ?rst fraction of the voltage at the ?rst end 
of the inductive load and the second divided voltage com 
prises a second fraction of the voltage at the second end of the 
inductive load. 

6. A method of converting a voltage, the method compris 
ing: 

amplifying a difference betWeen a ?rst reference voltage 
and a ?rst divided voltage indicative of a voltage at a ?rst 
end of an inductive load to thereby generate an ampli?ed 
difference voltage; 

generating a combined voltage based at least in part on the 
ampli?ed difference voltage that is supplied to a com 
parator, the comparator being responsive to at least the 
ampli?ed difference voltage and a second divided volt 
age indicative of a voltage at a second end of the induc 
tive load; 

generating a control voltage based on an output voltage 
generated by the comparator; 

driving an external load in response to the control voltage; 
generating the combined voltage based on the ampli?ed 

difference voltage and the second divided voltage, 
Wherein the ampli?ed difference voltage and the second 
divided voltage are inputs to a voltage combiner; and 

comparing the combined voltage With a second reference 
voltage to generate the control voltage; and 

decreasing the control voltage if the combined voltage is 
detected as being greater than the second reference volt 
age and increasing the control voltage if the combined 
voltage is detected as being smaller than the second 
reference voltage. 

7. The method of claim 6 further comprising: 
buffering the control voltage; and 
applying the buffered control voltage to the external load. 
8. The method of claim 7 further comprising: 
dividing the buffered control voltage to generate the second 

divided voltage. 
9. The method of claim 6 Wherein the ?rst divided voltage 

comprises a ?rst fraction of the voltage at the ?rst end of the 
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inductive load and the second divided voltage comprises a 
second fraction of the voltage at the second end of the induc 
tive load. 

10. A method of converting a voltage, the method compris 
1ng: 

amplifying a difference betWeen a ?rst reference voltage 
and a ?rst divided voltage indicative of a voltage at a ?rst 
end of an inductive load to thereby generate an ampli?ed 
difference voltage; 

generating a combined voltage based at least in part on the 
ampli?ed difference voltage that is supplied to a com 
parator, the comparator being responsive to at least the 
ampli?ed difference voltage and a second divided volt 
age indicative of a voltage at a second end of the induc 
tive load; 

generating a control voltage based on an output voltage 
generated by the comparator; 

driving an external load in response to the control voltage; 
generating the combined voltage based on the ampli?ed 

difference voltage and a second reference voltage 
Wherein the ampli?ed difference voltage and the second 
reference voltage are inputs to a voltage combiner, the 
second reference voltage comprising a non-Zero value; 
and 

comparing the combined voltage With the second divided 
voltage to generate the control voltage; 

buffering the control voltage; 
applying the buffered control voltage to the external load; 

and 
dividing the buffered control voltage to generated the sec 

ond divided voltage. 
11. The method of claim 10 further comprising decreasing 

the control voltage if the combined voltage is detected as 
being greater than the second divided voltage and increasing 
the control voltage if the combined voltage is detected as 
being smaller than the second divided voltage. 

12. A voltage converter comprising: 
an ampli?er that generates an ampli?ed voltage based on a 

?rst reference voltage and a ?rst divided voltage indica 
tive of a voltage at a ?rst end of an inductive load; 

a voltage combiner that generates a combined voltage 
based at least in part on the ampli?ed voltage of the 
ampli?er and supplies the combined voltage to a com 
parator; and 

a driver that drives an external load based on an output of 
the comparator, 
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Wherein the comparator is responsive to at least the ampli 

?ed voltage and a second divided voltage indicative of a 
voltage at a second end of the inductive load and Wherein 
the voltage combiner generates the combined voltage 
based on the ampli?ed voltage of the ampli?er and a 
second reference voltage Wherein the ampli?ed voltage 
and the second reference voltage are inputs to the volt 
age combiner, the second reference voltage comprising 
a non-Zero value, and 

Wherein the second reference voltage is substantially equal 
to said ?rst reference voltage. 

13. The voltage converter of claim 12 Wherein the ?rst 
divided voltage comprises a ?rst fraction of the voltage at the 
?rst end of the inductive load and the second divided voltage 
comprises a second fraction of the voltage at the second end 
of the inductive load. 

14. The voltage converter of claim 12 Wherein the driver 
generates the second divided voltage in response to the output 
of the comparator. 

15. A voltage converter comprising: 
an ampli?er that generates an ampli?ed voltage based on a 

?rst reference voltage and a ?rst divided voltage indica 
tive of a voltage at a ?rst end of an inductive load; 

a voltage combiner that generates a combined voltage 
based at least in part on the ampli?ed voltage of the 
ampli?er and supplies the combined voltage to a com 
parator; and 

a driver that drives an external load based on an output of 
the comparator, 

Wherein the comparator is responsive to at least the ampli 
?ed voltage and a second divided voltage indicative of a 
voltage at a second end of the inductive load and Wherein 
the voltage combiner generates the combined voltage 
based on the ampli?ed voltage of the ampli?er and the 
second divided voltage, Wherein the ampli?ed voltage 
and the second divided voltage are inputs to the voltage 
combiner, and 

Wherein the driver generates the second divided voltage in 
response to the output of the comparator. 

16. The voltage converter of claim 15 Wherein the ?rst 
divided voltage comprises a ?rst fraction of the voltage at the 
?rst end of the inductive load and the second divided voltage 
comprises a second fraction of the voltage at the second end 
of the inductive load. 


